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Abstract
The photovoltaic technology has been focused as one of the alternative renewable energy resources, the difficulty occurs from the 
amount of power generated from the panel varies with the solar irradiation reflected. In order to enhance the efficiency and 
increase the commercial, mainly the DC-DC buck converter circuit including with the Perturb and Observed maximum power 
point tracking were implemented for controlling the operation to let the system operated at maximum power. The converter’s 
switching was improved by implemented gate-driver circuit implemented using the Opto-coupler. For the solution, the maximum 
power point tracking was performed using PIC18F46K20 controller detected the voltage and current using the sensors built from
voltage divider and instrumental amplifier circuits. Results show the algorithm could be able to keep the voltage to be constant at 
the target of 10V with the average accuracy of 94.96% in for tracking the maximum power according to the demand load voltage.
© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Organizing Committee of iEECON2016.
Keywords : Photovoltaics; DC voltage converter; Perturb and Observe; MPPT; Renewable Energy:
1. Introduction
Nowadays, photovoltaic energy is given more interest for many countries as the alternative choice to reduce the 
usage of fossil fuels based energy. The main obstacles prevent the spread of the use of it is the low efficiency of 
solar cell comparing to other energy sources and its price including with the weather and temperature dependence. 
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And in order to make photovoltaic technology becomes more commercial, several developments have been 
performed mainly the growth of digital technologies and power electronics which are integrated into the system 
making the enhancement of the efficiency and the reduction of its price. In this project, two main features of DC-DC 
converter and Maximum Power Point tracking (MPPT) will be considered. 
As mentioned that the main problem of the PV panel is its power generation amount which is mainly depends on 
the solar irradiation level reflected on the panel, this then makes the power output become varied. In this case, the 
DC-DC converter will be used for converting the input voltage to the matched output voltage with the load 
connected, but not only this, the algorithm which controls the operation of the converter needs to be designed as well 
in order to let the converter operates at its maximum power point for the best power efficiency.
2. System Design and Testing
2.1 Performance of Photovoltaic Panel
For this project the monocrystalline photovoltaic panel was used as the electrical source for our converter. The 
panel with the area of 0.0752 m^2 has the power rating of 10W. First of all, to observe the characteristics of the 
experimented PV panel, the information of input and output power of the panel were collected from the multimeters 
connected with shunt and series circuit respectively. The panel was measured its output at for different levels of 
irradiation (from the lighting source), 214.55, 142.11, 49.22 and 23.33 W/m2 respectively
.
 
Fig. 1. (a) Power VS voltage Photovoltaic module Current plot; (b) Voltage VS Power plot at four different solar radiation levels
2.2 System Implementation
The main maximum power point tracking system was initially designed as demonstrates in the figure below. Due 
to the limitation of any controller which indicates the maximum level of input voltages, the PV panel voltage cannot 
be input to the controller directly. Sensors (voltage and current) were implemented separately for system protection.
The figure of full system block diagram is shown in figure 2.
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Fig. 2. Maximum Power Point and DC-DC converter control system diagram
     The converter in this project was focused on DC-DC buck converter type, , the circuit used was based on the 
initial buck converter design by Erickson (n.d.) mainly consists of switching devices and a diode, including with the 
LC low-pass filter for filtering the output signal and reduce the ripple. However, problems occur when using this 
circuit to drive the converter circuit, the problem of short-circuits still occurred when connecting the source pin to 
the negative of the output of the ZVN430 MOSFET drives, the opto-coupler was considered to be used which gives 
its own ground and less distortion of the drive waveform.
Fig. 3. Initial design of DC-DC buck converter designs using PSIM simulation with the constant zener diode load
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2.3 Maximum Power Point Algorithm
      The programming for the MPPT tracking algorithm was performed using MPLAB program by connecting the 
PIC controller “PIC18F46K20” connecting to the PC via the USB port. This controller was used to generate the 
PWM driving signal to make the DC-DC converter work, the PIC was programmed for generating fixed 50% duty 
cycle in order for testing the operation of each subsystems already of the signal that it can be generated is 
approximately 3.3V mentioned in gate driver and sensors
3. Results and Conclusion
The test was done by running the maximum power point tracking program 3 times (MPPT1, MPPT2 and 
MPPT3) by perturb and observed algorithm, and then captured the results of voltage, current, power and duty cycle 
achieved. The relationship between generated duty cycles according to the load is said to be rational with the set 
input and output voltages. The Opto-coupler operates well in order to establish the switching drive waveform to 
make DC converter operates efficiently. The regulated voltage (figure 4b) after multiple attempts demonstrates good 
voltage regulation with low level of distortion.
Testing 
Attempt
Input voltage from PV 
Panel (V)
Load Output 
voltage(V)
Duty cycle from Opto-
coupler (%)
Expected duty 
cycle (%)
Percentage of 
Error (%)
MPPT 1 18.8 9.65 53.4 51.33 4.03
MPPT 2 17.41 9.89 59.67 56.81 5.04
MPPT3 17.9 9.83 55.64 54.92 1.32
Table 1: Summary of duty cycles achieved from MPPT and accuracies
The converter works well with the perturb and observed algorithm and capable to generated smooth DC voltage 
output. Possible further works could be considered the power absorbed and dissipated level for converter which is 
the popular concerns of the system. Mainly at the MOSFET itself, the power efficiency could be improved.  
Including with making the user-interface at ease for further usages.
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